Abstract. We perform a multichannel analysis in context of the Large Hadron Collider (LHC) for supersymmetric (SUSY) theories with high-scale non-universal gaugino masses arising from different non-singlet representations of SU(5) and SO(10) gauge groups in a SUSY-GUT scenario and non-universal scalar masses in form of squark-slepton non-universality, third family scalar non-universality and that arising due to SO(10) D-terms. We present the numerical predictions over a wide region of parameter space using event generator Pythia. Certain broad features emerge from the study which may be useful to identify these non-universal schemes and distinguish them from the minimal supergravity (mSUGRA) framework. (5) and SO(10) GUT groups followed by another one [4] where we analyzed similarly scalar non-universality arising from squark-slepton non-universality, third family scalar non-universality and non-universality coming from SO(10) D-terms in context of the LHC. Such systematic analyses, based on various observable signals at the LHC, could indicate a departure from universality. In both the studies we present our results in terms of the ratios of two different signals, which to our advantage reduces uncertainties due to parton distributions, factorization scales, jet energy resolutions etc.
Introduction:. As the LHC takes off at CERN, the search for SUSY at the TeV scale [1] enters into an exciting era. Some of the popular SUSY scenarios are motivated by the so-called minimal supergravity (mSUGRA) [2] framework with universal gaugino and scalar masses at the unification scale. However, there is scope for nonuniversality in the gaugino and scalar masses, a feature that can often have crucial impact on the experimental signatures. In a recent work [3] , we performed a multichannel analysis for SUSY theories with nonuniversal gaugino mass, arising from the non-singlet representations of SU (5) and SO (10) GUT groups followed by another one [4] where we analyzed similarly scalar non-universality arising from squark-slepton non-universality, third family scalar non-universality and non-universality coming from SO(10) D-terms in context of the LHC. Such systematic analyses, based on various observable signals at the LHC, could indicate a departure from universality. In both the studies we present our results in terms of the ratios of two different signals, which to our advantage reduces uncertainties due to parton distributions, factorization scales, jet energy resolutions etc.
Non-universal gaugino masses:. Non-universality in gaugino masses arise as the non-trivial gauge kinetic function f αβ (Φ j ) can be expanded in terms of the nonsinglet components of the hidden sector scalar fields Φ N [5] :
Non-singlet representations to which Φ N can belong: For SU (5) :
(24 × 24) symm = 1 + 24 + 75 + 200 For SO (10) :
Once these Φ N s get VEVs, f αβ and gaugino masses become non-universal. 
Here one assumes that the breaking of the GUT group to the Standard Model (SM) takes place at the GUT scale itself, without any intermediate scale being there.
Non-universal scalar masses:. Here we study three models as follows:
(i) Squark-slepton Non-universality: Here the squarks and slepton masses at low-energy are results of evolution from mutually uncorrelated mass parameters (m 0q and m 0l respectively) at a high scale. Although this is a purely phenomenological approach, it is helpful in the sense that it embodies the complete independence of the coloured and uncloured scalar masses at the high scale.
(ii) Non-universality in the third family: Scalar masses in the third family evolve from a separate high-scale mass parameter m 3 0 , while a different parameter m
is the origin of scalar masses in the first two families. This is motivated from string-inspired models, which also addresses FCNC problems with 'inverted hierarchy' [6] . (iii) Non-universality due to SO(10) D-terms:In an SO(10) framework, the matter fields belong to the representation 16, and can be further classified into submultiplets, depending on the representations of SU(5) to which they belong. In this classification, expressing the (s)fermions generically to include all families, the superfields D c and L belong to5, while Q, U c and E c belong to 10. These acquire different D-terms when SO (10) breaks to SM gauge group [7] :
Here D is a dimensionless parameter quantifying the added contribution to the SUSY breaking terms in terms of the 'universal' high-scale mass parameter m 0 .
Strategy for simulation:. The spectrum generated by SuSpect v2.3 [8] in each of theses scenarios is fed into the event generator Pythia 6.405 [9] for the simulation of pp collision with centre of mass energy 14 TeV. We have used CTEQ5L [10] parton distribution functions, the QCD renormalization and factorization scales being both set at the subprocess centre-of-mass energy √ŝ . All possible SUSY processes with conserved Rparity have been kept open. Initial state radiation (ISR), final state radiation (FSR) and multiple interactions have been neglected. However, we take hadronization into account. The final states studied here are :
• Inclusive jets ( jets): (≥ 3) jets + X+ E T 1 Only for gaugino non-universality 2 Only for scalar non-universality where ℓ stands for electrons and or muons. The cuts used are as follows [11] : (i) missing transverse energy E T ≥ 100 GeV, (ii) p T l ≥ 20 GeV and |η ℓ | ≤ 2.5, (iii) an isolated lepton should have lepton-lepton separation △R ℓℓ ≥ 0.2, lepton-jet separation △R ℓ j ≥ 0.4, energy deposit E T due to jet activity around a lepton within △R ≤ 0.2 of the lepton axis should be ≤ 10 GeV, (iv) E T jet ≥ 100 GeV and |η jet | ≤ 2.5 (absence of such jets qualifies the event as hadronically quiet), (v) for the hadronically quiet trilepton events, we have used, in addition, invariant mass cut on the same flavour opposite sign lepton pair as |m Z ∼ M ℓ + ℓ − | ≥ 10 GeV.
We have generated all dominant standard model (SM) events in Pythia for the same final states. The signal and background events have been all calculated for an integrated luminosity of 300 fb −1 . As has been already mentioned, the ratios of events in the different final states have been presented. Cases where any of the entries in the ratio has σ = S/ √ B ≤ 2 (S, B being the numbers for signal and background events) have been specially marked with a '#'.
Results:. Here we provide some of the bar graphs in ratio space for gaugino and scalar non-universality discussed in our works [3, 4] respectively. 
FIGURE 2.
1L+JETS/OSD and 3L+JETS/OSD for gaugino-mass non-universality in SO(10): mf =1000 GeV, µ =1000 GeV, tan β = 5.
Broadly, the features that emerge from the study of gaugino-mass non-universality (Figure 1 and 2) are as follows. In a substantial region of the parameter space 75 and 200 of SU (5) and 54(i) of SO(10) are distinguishable. This is specifically because of the higher mass ratios of M 1 and M 2 with respect to M 3 in the above non-universal cases. However, distinguishing 24 of SU (5), 54(ii) of SO (10) from each other and from the universal case is relatively difficult. The trilepton channel turns out to be the most efficient discriminator in such cases. For squark-slepton non-universality (Figure 3 ), the case with ml1,2 = 250 GeV (green ones), is fairly distinguishable from other cases as well as from mSUGRA especially for squark masses on the higher side. In case of the third family scalar non-universality (Figure 4) , when first two family squark masses are very high mq1,2 = 10 TeV (blue ones), they can be easily identified from the rest of the scenarios as the leptonic branching fraction is higher in this case.
In case of non-universality due to SO(10) D-terms ( Figure 5 ), for mg= 500 GeV, D=0.5 and D=-1.25 (green and purple ones respectively) are distinguishable from the ratios. However, it is difficult to distinguish various D-terms for higher gluino masses which is not so unexpected. Conclusions:. It is true that this investigation in terms of the scenarios chosen, is illustrative rather than being exhaustive. Still, the method advocated here can be useful in the so called 'inverse problem' approach, where one aims to construct the underlying theory from a multichannel assortment of data.
